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(54) Methods and compositions for consolidating proppant in subterranean fractures 



(57) Proppant particles are coated on-the-fly with a 
hardenable resin composition, suspended in a fractur- 
Jng fluid, and consolidated after being placed in frac- 
tures. These methods and compositions are especially 
suitable for low temperature wells, e.g. those in the 60°F 
to 225°F range. Preferably, a liquid hardenable resin 
component is mixed with a liquid hardening agent com- 
ponent on-the-fly to form a hardenable resin composi- 



tion. The hardenable resin composition is coated onto 
proppant particles on-the-fly that are conveyed from a 
source thereof to form resin-coated proppant particles 
in real-time. The resin-coated proppant particles are 
suspended in the fracturing fluid to be utilized down 
hole. 
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Description 

[0001] The present invention relates to improved methods and compositions for consolidating proppant in subterra- 
nean fractures. 

5 [0002] Hydrocarbon-producing wells are often stimulated by hydraulic fracturing treatments. In hydraulic fracturing 
treatments, a viscous fracturing fluid, which also functions as a carrier fluid, is pumped into a producing zone to be 
fractured at a rate and pressure such that one or more fractures are formed in the zone. Particulate solids, e.g., graded 
sand, for propping the fractures, commonly referred to in the art as "proppant," are suspended in a portion of the 
fracturing fluid so that the particulate solids are deposited in the fractures when the fracturing fluid reverts to a thin fluid 

10 to be returned to the surface. The proppant deposited in the fractures functions to prevent the fractures from fully 
closing so that conductive channels are formed through which produced hydrocarbons can flow. 
[0003] In order to prevent the subsequent now-back of proppant and other particulates with the produced fluids, a 
portion of the proppant introduced into the fractures has heretofore been coated with a hardenable resin composition 
that is caused to harden and consolidate the proppant particles in the fracture. Typically, the hardenable resin compo- 

15 sition-coated proppant is deposited in the fracture after a large quantity of uncoated proppant has been deposited 
therein. That is, the last portion of the proppant deposited in each fracture, referred to in the art as the "tail-end" portion, 
is coated with the hardenable resin composition. When the fracturing fluid, which is the carrier fluid for the proppant, 
is broken and reverts to a thin fluid as described above, the hardenable resin-coated proppant is deposited in the 
fractures and the fractures close on the proppant. The partially closed fractures apply pressure on the hardenable 

20 resin-coated proppant particles whereby the particles are forced into contact with each other while the resin composition 
hardens. It has heretofore been thought that the hardening of the resin composition under pressure brings about the 
consolidation of the resin-coated proppant particles into a hard permeable mass having sufficient compressive and 
tensile strength to prevent unconsolidated proppant and formation sand from flowing out of the fractures with produced 
fluids. However, it has been found that as proppant without a hardenable resin composition coating thereon is carried 

25 into the fracture by the fracturing fluid, some of the proppant is continuously deposited in the bottom of the fracture 
adjacent to the welibore. This unconsolidated accumulation of non-resin-coated proppant remains in the fracture ad- 
jacent to the welibore and when the hardenable resin-coated proppant enters the fracture at the end of the treatment, 
it does not displace the uncoated proppant already deposited at the bottom of the fracture. Instead, the hardenable 
resin-coated proppant flows over the uncoated proppant. This results in unconsolidated proppant at the bottom of the 

30 fractures adjacent to the welibore. During the subsequent production of formation fluids through the propped fractures, 
the unconsolidated proppant at the bottom of the fracture flows back with the formation fluids. The flow-back of the 
proppant with the formation fluids may erode metal equipment, plug piping and vessels, and cause damage to valves, 
instruments and other production equipment. 

[0004] Another problem encountered in the use of prior hardenable resin compositions for coating proppant particles 
35 is that the hardenable resin composition components, i.e., the liquid hardenable resin component and the liquid hard- 
ening agent component, have heretofore had very short shelf lives. That is, the shelf lives of the hardenable resin 
composition components have heretofore been as short as about four days or less. In addition, the hardenable resin 
composition components have heretofore had very low flash points, i.e., flash points of about 60°F or below, making 
them dangerous to use. Heretofore, it has been a common practice to utilize proppant that is precoated with a resin 
40 composition and stored. When the precoated proppant is required for use at a job site, it is transported to the job site. 
When such precoated resin-coated proppant is consolidated after being placed by a hardening agent, the resulting 
consolidated proppant pack often does not have enough strength to prevent deterioration and proppant flow-back. 
[0005] The present invention provides an improved method of coating proppant particles with a resin composition 
and suspending the coated proppant particles in a fracturing fluid, as well as improved hardenable resin compositions 
45 and components thereof. The resin compositions of this invention harden and thereby consolidate resin-coated prop- 
pant particles into permeable packs in fractures formed in subterranean zones that substantially prevent proppant flow- 
back. 

[0006] In one aspect, the present invention provides a method of making high-strength permeable packs in a fracture 
created in a subterranean zone having a temperature from 60°F to 225°F, which method comprises the steps of: 

50 

(a) mixing a liquid hardenable resin component comprising a hardenable resin, with a liquid hardening agent com- 
ponent comprising a liquid hardening agent, a silane coupling agent, and a surfactant, on-the-fly to form a liquid 
hardenable resin composition; 

(b) coating proppant particles with the liquid hardenable resin composition to form hardenable resin-coated prop- 
55 pant particles; 

(c) suspending the hardenable resin-coated proppant particles in the fracturing fluid to form a substantial suspen- 
sion of hardenable resin-coated proppant particles in the fracturing fluid; 

(d) pumping the suspension into a subterranean zone to form one or more fractures therein; 
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(e) placing suspended hardenable resin-coated proppant particles in the fractures; 

(f) terminating steps (a), (b), (c), (d), and (e); and, 

(g) allowing the hardenable resin on the hardenable resin-coated proppant particles to cure. 

5 [0007] In another aspect, the invention provides a method of on-the-fly mixing of a hardenable resin composition 
and a proppant, which method comprises the steps of: 

(a) continuously mixing a premixed liquid hardenable resin component and a premixed liquid hardening agent 
component, at a desired ratio, on-the-fly to form a hardenable resin composition; and 
10 (b) mixing the hardenable resin composition with the proppant particles on-the-fly to form hardenable resin-coated 

proppant particles. 

[0008] The invention also includes a two-component hardenable resin composition to be activated at the well site, 
which composition comprises 

15 

(a) a liquid hardenable resin component comprising a liquid hardenable resin; and 

(b) a liquid hardening agent component comprising a liquid hardening agent, a silane coupling agent, and a sur- 
factant. 

20 [0009] The invention further provides a liquid hardenable resin component comprising butyl lactate, butyl glyceryl 
ether and bisphenol A epichlorhydrin. 

[0010] The invention also provides a liquid hardening agent component composition comprised of a cycloaliphatic 
amine liquid hardening agent, a silane coupling agent, and a surfactant. 

[001 1 ] One embodiment of the methods of the present invention may comprise the following steps: providing a liquid 
25 hardenable resin component, a liquid hardening agent component, proppant particles and a liquid fracturing fluid; 
mixing the liquid hardenable resin component with the liquid hardening agent component to form a liquid hardenable 
resin composition; coating proppant particles with that liquid hardenable resin composition; suspending the hardenable 
resin-coated proppant particles in the liquid fracturing fluid to form a suspension; and introducing the suspension to a 
subterranean zone. When desired, the mixing may be terminated. Also, the pumping of the suspension into the sub- 
30 terranean fracture may be terminated when desired. Once introduced into the fracture, the hardenable resin on the 
hardenable resin-coated proppant particles is allowed to harden and consolidate into one or more permeable packs 
inside the subterranean fracture. 

[0012] Another improved method of the present invention, which may be described as on-the-fly mixing, comprises 
the following steps: providing a liquid hardenable resin component a liquid hardening agent component and proppant 
35 particles; continuously mixing the liquid hardenable resin component and the liquid hardening agent component to 
form a hardenable resin composition; and mixing the hardenable resin composition with the proppant particles on-the- 
fly to form hardenable resin-coated proppant particles. 

[0013] The compositions of the present invention are comprised of a hardenable resin, a hardening agent, a silane 
coupling agent, and a surfactant. Optionally, a hydrolyzable ester may be used, inter alia, to break any gelled fracturing 
40 fluid films on the proppant particles. Additionally, a liquid carrier fluid may be used if desired, inter alia, to affect the 
viscosity of the composition. 

[0014] In accordance with the methods of the present invention, all or part of the proppant transported into the frac- 
tures is coated with a resin composition (preferably on-the-fly) and is suspended in the fracturing fluid as the fracturing 
fluid is pumped into the subterranean formation. As a result, the resin coating on the proppant is fresh and when it 

45 hardens and consolidates the proppant, permeable proppant packs are formed in the fractures that, inter alia, prevent 
proppant flow-back. The permeable proppant packs are generally high-strength. In addition, the hardenable resin com- 
position components of this invention have long shelf lives, e.g., three months and longer. The components, i.e., the 
liquid hardenable resin component and the liquid hardening agent component, are stored separately until they are 
mixed in a desired weight ratio of about 1 part liquid hardenable resin component to about 1 part liquid hardening agent 

so component just prior to being coated onto proppant. One skilled in the art with the benefit of this disclosure will recognize 
that this ratio can vary to suit the application at issue, e.g., about 2 parts liquid hardenable resin component to about 
1 part liquid hardening agent component or more. The mixing of the components can be by batch mixing or the two 
components can be mixed on-the-fly to obtain a homogeneous mixture before being coated on proppant particles. The 
amount of mixed liquid hardenable resin composition-coated on the proppant ranges from about 0.1% to about 5% by 

55 weight of the proppant, with about 3% being preferred. 

[0015] In order to conserve the amount of hardening agent utilized for curing the hardenable resin, the volume ratio 
of liquid hardening agent component to liquid hardenable resin component relative to the proppant utilized in accord- 
ance with this invention can be varied. In a preferred technique, the volume ratio of the liquid hardening agent com- 
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ponent to the liquid hardenable resin component is varied from an initial volume ratio at the beginning of the proppant 
suspended in the fracturing fluid to a lower volume ratio as the middle portion of the proppant is suspended in the 
fracturing fluid, and then back to a higher volume ratio at the end portion of the proppant suspended in the fracturing 
fluid. This technique results in consolidated proppant packs in the fractures that have high-strength at the forward ends 
5 of the packs, less strength at the middle portions of the packs, and high-strength at the end portions of the packs. The 
middle portions of the packs tend to be placed deeply in the fractures far away from the wellbore. Since all of the 
proppant is consolidated, proppant flow-back is minimized. 

[0016] When it is desirable or necessary to conserve a major portion of the hardenable resin composition, the hard- 
enable resin composition can be applied to an initial portion of the proppant particles, not applied or intermittently 
10 applied to the middle portion of the proppant particles, and applied to the last portion of the proppant particles deposited 
in the fractures. One of ordinary skill in the art, with the benefit of this disclosure, will recognize the appropriate com- 
bination to achieve the desired conservation goals and permeability goals 

[001 7] In accordance with one improved method of this invention, proppant particles are coated with the hardenable 
resin composition, preferably on-the-fly, the coated proppant particles are suspended in the fracturing fluid, preferably 

15 on-the-fly, and the resulting hardenable resin composition-coated proppant particles are placed in one or more fractures 
formed in a subterranean zone and then allowed to harden and consolidate into one or more high-strength permeable 
packs. The term "on-the-fly" is used herein to mean that a flowing stream is continuously introduced into another flowing 
stream so that the streams are combined and mixed while continuing to flow as a single stream as part of the on-going 
treatment. Forming the hardenable resin composition, coating the proppant particles with the hardenable resin com- 

20 position, and mixing the hardenable resin-coated proppant particles with the fracturing fluid are all preferably performed 
on-the-fly. Such mixing can also be described as "real-time" mixing. As is well understood by those skilled in the art 
such mixing may also be accomplished by batch or partial batch mixing. One benefit of on-the-fly mixing over batch 
or partial batch mixing, however, involves reducing waste of the liquid hardenable resin component and liquid hardening 
agent component. Once the liquid hardenable resin component and liquid hardening agent component are mixed, the 

25 mixture must be used quickly or the resin will cure and the mixture will no longer be useable. Thus, if the components 
are mixed and then circumstances dictate that the well operation be stopped or postponed, the mixed components 
may quickly become unusable. By having the ability to rapidly shut down the mixing of the hardenable resin composition 
components on-the-fly, this unnecessary waste can be avoided, resulting in, inter alia, increased efficiency and cost 
savings. 

30 [0018] In the accompanying drawing, Figure 1 illustrates one embodiment of an on-the-fly mixing method of the 
present invention. In Figure 1 , container 10 holds a liquid hardenable resin component while container 20 holds a liquid 
hardening agent component. The liquid materials in containers 10 and 20 are transported to a mixer 30 through lines 
1 1 and 21 , respectively. Control of the total and relative amounts of resin component and hardening agent component 
is achieved through the use of valve 12 on resin component line 11, and valve 22 on hardening agent component line 
35 21 . In a preferred embodiment, valves 12 and 22 are computer-controlled to ensure accurate metering corresponding 
to the concentration of proppant and pumping rate of proppant slurry and to allow for a rapid shutdown of on-the-fly 
mixing when necessary. Mixer 30 mixes the resin component and hardening agent component into a single hardenable 
resin composition that is then transported through line 31 to be injected to the bottom of conveyance means 51 which 
is partially located inside the sand hopper 50. Mixer 30 can be any means known in the art for mixing two liquid streams, 
40 in one embodiment, mixer 30 may be a static mixer. Conveyance means 51 can be any means known in the art for 
conveying particulate material, in one embodiment, conveyance means 51 may be a sand screw. Also transported to 
the sand hopper 50 is a proppant material from container 40. The proppant from container 40 may be transported to 
sand hopper 50 by any suitable means known in the art. In one embodiment, the proppant is removed from container 
40 via a conveyor belt, after which it enters sand hopper 50. Inside the conveyance means 51, the hardenable resin 
45 composition is coated onto the proppant to form hardenable resin-coated proppant particles. Where conveyance means 
51 is a sand screw, the hardenable resin composition is coated onto the proppant by the auger action of the sand screw 
itself The hardenable resin-coated proppant particles are transported by the sand screw to blender tub 70. The hard- 
enable resin-coated proppant particles from sand hopper 50 may be transported to blender tub 70 by any means known 
in the art. In a preferred embodiment, the transport of hardenable resin-coated proppant particles from sand hopper 
so 50 to blender tub 70 is computer-controlled to ensure accurate metering and to allow for a rapid shutdown of on-the- 
fly mixing when necessary. Also transported to blender tub 70 is a fracturing fluid from container 60. The fracturing 
fluid from container 60 may be transported to blender tub 70 by any means known in the art. In a preferred embodiment, 
the transport of fracturing fluid from container 60 to blender tub 70 is computer-controlled to ensure accurate metering 
and to allow for a rapid shutdown of on-the-fly mixing when necessary. Inside blender tub 70, the fracturing fluid is 
55 substantially mixed with hardenable resin-coated proppant particles to form a blended composition suitable for use in 
subterranean fractures in the present invention. In a preferred embodiment of the method of the present invention, the 
on-the-fly mixing of some or all of the above mixtures occurs during the fracturing operation. Thus, as the fractures 
are formed by the fracturing fluid, the liquid hardenable resin component is mixed on-the-fly with the liquid hardening 
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agent component to form the hardenable resin composition, which is then mixed on-the-fly with proppant, which is then 
mixed on-the-fly with fracturing fluid. In this preferred method, the components are carried into the fractures as they 
are being formed and when the pumping of the fracturing fluid is complete, alt related on-the-fly mixing may also 
terminate 

5 [0019] The liquid hardenable resin component of the present invention is comprised of a hardenable resin and, 
optionally, a solvent. In preferred embodiments, the solvent utilized has a high flash point, most preferably above about 
1 25°F. When used, the solvent is added to the resin to reduce its viscosity for ease of handling, mixing, and transferring. 
It is within the ability of one skilled in the art, with the benefit of this disclosure, to determine if and how much of a 
solvent is needed to achieve a suitable viscosity. Optionally, the liquid hardenable resin can be heated to reduce its 

10 viscosity rather than using a solvent. 

[0020] The liquid hardening agent component of the present invention is comprised of a hardening agent; a silane 
coupling agent; an optional hydrolyzable ester for, inter alia, breaking gelled fracturing fluid films on the proppant 
particles; a surfactant for, inter alia, facilitating the coating of the resin on the proppant particles and for causing the 
hardenable resin to flow to the contact points between adjacent resin-coated proppant particles; and an optional liquid 

15 carrier fluid preferably having a high flash point (above about 125°F). When used, the liquid carrier fluid is added to 
the liquid hardening agent component, inter alia, to reduce its viscosity for ease of handling, mixing and transferring. 
It is within the ability of one skilled in the art to determine if and how much liquid carrier fluid is needed to achieve a 
suitable viscosity. 

[0021] In addition to the liquid hardenable resin component and the liquid hardening agent component, proppant 

20 particles and a liquid fracturing fluid are also used in the present invention. In one embodiment of a method of the 
present invention, a liquid hardenable resin component is mixed with a liquid hardening agent component to form a 
hardenable resin composition. The hardenable resin composition is then coated onto proppant particles to form hard- 
enable resin-coated proppant particles that are subsequently mixed with a fracturing fluid. The liquid fracturing fluid 
containing hardenable resin-coated proppant particles is then introduced into a subterranean zone having one or more 

25 fractures therein while placing the hardenable resin-coated proppant particles in the fractures. The hardenable resin- 
coated proppant particles are then allowed to harden and consolidate into one or more high-strength permeable packs 
that prevent proppant flow-back. As is well understood by those skilled in the art, the liquid fracturing fluid can include 
additional components, including, but not limited to, a breaker, which causes it to revert to a thin fluid so that the resin 
composition-coated proppant particles are tightly packed in the fractures and the fracturing fluid is returned to the 

30 surface during flow back or cleanup stage. 

[0022] As is also well understood, when the fracturing fluid is broken and the hardenable resin composition-coated 
proppant particles are deposited in the fractures, the fractures substantially close on the proppant particles. Thus, 
pressure is applied on the hardenable resin composition -coated proppant whereby the proppant particles are forced 
into contact with each other while the resin composition hardens. The hardening of the resin composition under pressure 

35 helps bring about the consolidation of the resin-coated particles into a hard permeable pack having sufficient compres- 
sive strength to aid in preventing particulate flow-back. In fracture treatments carried out in unconsolidated formations, 
good consolidation of proppant is required in the perforations, which extend from the inside of the wellbore through 
casing and cement into the unconsolidated formation, as well as in the fractured portions of the unconsolidated for- 
mation surrounding the wellbore. At least the last portion of the proppant deposited in the perforations and in the 

40 fractures is coated with a hardenable resin composition and is caused to harden. The resulting consolidated proppant 
in the perforations and fractures contributes to the prevention of proppant flow-back. However, there is often little 
closure pressure applied to the hardenable resin-coated proppant in the fractures close to the wellbore, and there is 
no closure pressure applied to the hardenable resin-coated proppant particles in the perforations. In addition, the 
hardenable resin-coated proppant particles can be separated from each other by films of the fracturing fluid and, be- 

45 cause of the presence of such fracturing fluid films, the proppant particles may not sufficiently consolidate. As a result, 
the consolidated permeable packs formed in the perforations and fractures often have less-than-sufficient compressive 
strength to prevent particulate flow-back problems. These problems may be addressed by including in the hardenable 
resin composition one or more hydrolyzable esters, which function, inter alia, to break fracturing fluid films on the 
particles, and a surfactant for, inter alia, facilitating the coating of the resin composition on the proppant particles and 

50 for causing the hardenable resin composition to flow to the contact points between adjacent resin-coated proppant 
particles so that the particles are consolidated into a high-strength permeable mass. 

[0023] In accordance with the above-described methods, preferably all of the proppant particles are coated with the 
liquid hardenable resin composition on an on-the-fly basis. In order to conserve the liquid hardening agent component 
used and to reduce the cost of the fracturing procedure, the volume ratio of the liquid hardening agent component may 
55 be varied. That is, in a most-preferred technique, the volume ratio of the liquid hardening agent component to the liquid 
hardenable resin component may be varied from an initial volume ratio that produces a high-strength permeable pack 
to a lower volume ratio that produces a lower-strength resilient permeable pack, and then back to a higher initial volume 
ratio that produces a high-strength permeable pack adjacent to the wellbore. The initial volume ratio of the liquid hard- 
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ening agent component to the liquid hardenable resin component is generally in the range of from about 1 :10 to about 
1 :1 , and the lower volume ratio is in the range of from about 1 :20 to about 1 :5. If such a method is used, preferably, 
the initial volume ratio of the liquid hardening agent component to the liquid hardenable resin component is about 1 :1 
and the lower volume ratio is about 1 :5. 

5 [0024] Another embodiment of a method of the present invention includes the following steps. A liquid hardenable 
resin component, a liquid hardening agent component, proppant particles and liquid fracturing fluid are provided. The 
liquid fracturing fluid is pumped into the subterranean zone to form at least one fracture therein. As the fracture is 
formed, at the surface the liquid hardenable resin component is mixed with the liquid hardening agent component, 
preferably on-the-fly, to form the hardenable resin composition. During the fracturing process, the volume ratio of the 

10 liquid hardening agent component to the liquid hardenable resin component is varied, and the hardenable resin com- 
position formed is continuously coated onto proppant particles conveyed from the source thereof, preferably on-the- 
fly, to form hardenable resin composition-coated proppant particles. The hardenable resin composition-coated proppant 
particles are continuously mixed with the fracturing fluid, preferably on-the-fly, such that the hardenable resin compo- 
sition-coated proppant particles are suspended on an as-needed basis for introduction into the subterranean formation. 

15 After the hardenable resin composition-coated proppant particles have been placed in the one or more fractures formed 
in the subterranean zone, the pumping of the liquid fracturing fluid and other related steps may be terminated. There- 
after, the liquid fracturing fluid breaks into a thin fluid, the hardenable resin composition-coated proppant particles are 
deposited in the fractures, and the resin composition hardens and consolidates the proppant particles in the one or 
more fractures into high-strength permeable packs. 

20 [0025] Yet another embodiment of the methods of the present invention comprises the following steps. A liquid hard- 
enable resin component, a liquid hardening agent component, proppant particles, and liquid fracturing fluid are pro- 
vided. The liquid fracturing fluid is pumped into the subterranean zone to form one or more fractures therein. As the 
fractures are formed, the liquid hardenable resin component is mixed with the liquid hardening agent component, 
preferably on-the-fly, to form the hardenable resin composition. The hardenable resin composition formed is intermit- 

25 tently coated onto proppant particles conveyed from the source thereof, preferably on-the-fly, to intermittently form 
hardenable resin composition -coated proppant particles and uncoated proppant particles. The hardenable resin com- 
position-coated proppant particles and uncoated proppant particles are mixed with the fracturing fluid being pumped, 
preferably on-the-fly, whereby the hardenable resin composition-coated proppant particles and uncoated proppant 
particles are substantially suspended therein. After the hardenable resin composition-coated proppant particles and 

30 uncoated proppant particles have been placed in the one or more fractures formed in the subterranean zone, the 
pumping of the liquid fracturing fluid and other related steps are terminated. Thereafter, the liquid fracturing fluid breaks 
into a thin fluid, the hardenable resin composition-coated proppant particles and the uncoated particles are deposited 
in the fractures and the resin composition hardens and consolidates the proppant particles in the one or more fractures 
into high-strength permeable packs. 

35 [0026] In a preferred embodiment of an intermittent method suitable for when the wellbore includes a single perforated 
interval having a length of less than about 50 feet or several perforated intervals having a combined length of less than 
about 50 feet, the hardenable resin composition-coated proppant particles are suspended in the fracturing fluid. During 
the initial time period of pumping the fracturing fluid, uncoated proppant particles are suspended in the fracturing fluid 
during the middle time period of pumping the fracturing fluid, and hardenable resin composition-coated proppant par- 

40 tides are suspended in the fracturing fluid during the last time period of pumping the fracturing fluid. This method results 
in hardenable resin composition-coated proppant particles entering the fractures first and depositing hardenable resin 
composition-coated proppant in the bottom of the fractures and additional hardenable resin composition-coated par- 
ticles entering the fractures last, which moves uncoated proppant particles to the middle of the fractures and prevents 
uncoated proppant particles from flowing back with produced fluids 

45 [0027] Most preferably, the resin com position -coated proppant particles suspended in the fracturing fluid pumped 
during the initial time period constitute about 15% of the total proppant particles pumped, the uncoated proppant par- 
ticles suspended in the fracturing fluid pumped during the middle time period constitute about 60% of the total proppant 
particles pumped and the resin composition-coated proppant particles suspended in the fracturing fluid pumped during 
the last time period constitute about 25% of the total proppant particles pumped. 

so [0028] When the wellbore includes multiple perforated intervals having a length greater than about 50 feet, preferably 
hardenable resin composition-coated proppant particles are suspended in the fracturing fluid during the initial time 
period of pumping the fracturing fluid, a mixture of resin composition-coated proppant particles and uncoated proppant 
particles are suspended in the fracturing fluid during the middle time period of pumping the fracturing fluid and hard- 
enable resin-coated proppant particles are suspended in the fracturing fluid during the last time period of pumping the 

55 fracturing fluid. 

[0029] Most preferably, the resin composition-coated proppant particles suspended in the fracturing fluid pumped 
during the initial time period constitute about 15% of the total proppant particles pumped, the mixture of the resin 
composition-coated proppant particles and the uncoated proppant particles pumped during the middle time period 



6 



EP 1 464 789 A1 



constitute about 60% of the total proppant particles and the resin composition-coated proppant particles suspended 
in the fracturing fluid pumped during the last time period constitute about 25% of the total proppant particles pumped. 
[0030] Examples of preferred hardenable resins that can be utilized in the liquid hardenable resin component include, 
but are not limited to, resins such as bisphenol A-epichlorohydrin resin, polyepoxide resin, novolak resin, polyester 
5 resin, phenol-aldehyde resin, urea-aldehyde resin, furan resin, urethane resin, glycidyl ethers and mixtures thereof. 
Of these, bisphenol A-epichlorohydrin resin is preferred. The resin utilized is included in the liquid hardenable resin 
component in an amount in the range of from about 70% to about 100% by weight of the liquid hardenable resin 
component, preferably in an amount of about 85%. 

[0031] Any solvent that is compatible with the hardenable resin and achieves the desired viscosity effect is suitable 

10 for use in the present invention. Preferred solvents are those having high flash points (most preferably about 125°F). 
As described above, use of a solvent in the hardenable resin composition is optional but may be desirable to reduce 
the viscosity of the hardenable resin component for ease of handling, mixing, and transferring. It is within the ability of 
one skilled in the art with the benefit of this disclosure to determine if and how much solvent is needed to achieve a 
suitable viscosity. Solvents suitable for use in the present invention include, but are not limited to, butylglycidyl ether, 

15 dipropylene glycol methyl ether, dipropylene glycol dimethyl ether, dimethyl formamide, diethyleneglycol methyl ether, 
ethyleneglycol butyl ether, diethyleneglycol butyl ether, propylene carbonate, d'limonene and fatty acid methyl esters. 
Of these, butylglucidyl ether is the preferred optional solvent. The amount of the solvent utilized in the liquid hardenable 
resin component is in the range of from about 0% to about 30% by weight of the liquid hardenable resin component, 
preferably in an amount of about 15%. 

20 [0032] Examples of preferred hardening agents that can be used in the liquid hardening agent component include, 
but are not limited to, amines, aromatic amines, polyamines, aliphatic amines, cyclo-aliphatic amines, amides, polya- 
mides, 2-ethyl-4-methyl imidazole and 1 ,1 ,3-trichlorotrifluoroacetone. Selection of a preferred hardening agent is de- 
pendent, in part, on the temperature of the formation in which the hardening agent will be used. By way of example, 
and not of limitation, in subterranean formations having a temperature from about 60°F to about 250°F, amines and 

25 cyclo-aliphatic amines such as piperidine, triethylamine, N,N-dimethylaminopyridine, benzyldimethylamine, tris 
(dimethylaminomethyl) phenol, and 2-(N 2 N-dimethylaminomethyl)phenol are preferred. In subterranean formations 
having higher temperatures, 4,4'-diaminodiphenyl sulfone may be a suitable hardening agent. The hardening agent is 
included in the liquid hardening agent component in an amount in the range of from about 40% to about 60% by weight 
of the liquid hardening agent component, preferably in an amount of about 50%. 

30 [0033] Any silane coupling agent that is compatible with the hardening agent and facilitates the coupling of the resin 
to the surface of the formation sand particles is suitable for use in the present invention. Examples of preferred silane 
coupling agents suitable for the liquid hardening agent component include, but are not limited to, N-2-(aminoethyl)- 
3-aminopropyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane, and n-beta- (aminoethyl)-gamma-aminopropyl tri- 
methoxysilane. Of these, n-beta-(aminoethyl)-gamma-aminopropyl trimethoxysilane is preferred. The silane coupling 

35 agent is included in the liquid hardening agent component in an amount in the range of from about 0.1% to about 3% 
by weight of the liquid hardening agent component. 

[0034] Any hydrolyzable ester that is compatible with the hardening agent and facilitates the coating of the resin 
composition onto the proppant particles and breaks fracturing fluid films is suitable for use in the present invention. 
Examples of preferred hydrolyzable esters that can be utilized in the liquid hardening agent component of the two- 

40 component consolidation fluids of the present invention for, inter alia, facilitating the coating of the resin composition 
on the proppant particles and breaking fracturing fluid films thereon include, but are not limited to, a mixture of dimeth- 
ylglutarate, dimethyladipate and dimethylsuccinate, sorbitol, catechol, dimethylthiolate, methyl salicylate, dimethyl sal- 
icylate, dimethylsuccinate, and terbutylhydroperoxide. Of these, a mixture of dimethylglutarate, dimethyladipate and 
dimethylsuccinate is preferred. The ester or esters are present in the liquid hardening agent component in an amount 

45 in the range of from about 0% to about 3% by weight of the liquid hardening agent component, preferably in an amount 
of about 2%. 

[0035] Any surfactant compatible with the liquid hardening agent and capable of facilitating the coating of the resin 
on the proppant particles and causing the hardenable resin to flow to the contact points between adjacent resin-coated 
proppant particles may be used in the present invention. Such preferred surfactants include, but are not limited to, an 

50 ethoxylated nonyl phenol phosphate ester, mixtures of one or more cationic surfactants, and one or more non-ionic 
surfactants, and an alkyl phosphonate surfactant. Suitable mixtures of one or more cationic and nonionic surfactants 
are described in U.S. Patent No. 6,31 1 ,733 to which reference should be made. A C 12 - C 22 alkyl phosphonate surfactant 
is preferred. The surfactant or surfactants utilized are included in the liquid hardening agent component in an amount 
in the range of from about 2% to about 1 5% by weight of the liquid hardening agent component, preferably in an amount 

55 of about 12%. 

[0036] Use of a liquid carrier fluid in the hardenable resin composition is optional and may be used to reduce the 
viscosity of the hardenable resin component for ease of handling, mixing and transferring. It is within the ability of one 
skilled in the art, with the benefit of this disclosure, to determine if and how much liquid carrier fluid is needed to achieve 



7 



EP 1 464 789 A1 



a viscosity suitable to the subterranean conditions. Any suitable carrier fluid that is compatible with the hardenable 
resin and achieves the desired viscosity effects is suitable for use in the present invention. Preferred liquid carrier fluids 
that can be utilized in the liquid hardening agent component of the two-component consolidation fluids of the present 
invention preferably include those having high flash points (most preferably above about 125°F). Examples of liquid 

5 carrier fluids suitable for use in the present invention include, but are not limited to, dipropylene glycol methyl ether, 
dipropylene glycol dimethyl ether, dimethyl formamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, dieth- 
yleneglycol butyl ether, propylene carbonate, d'limonene and fatty acid methyl esters. Of these, dipropylene glycol 
methyl ether is preferred. The liquid carrier fluid is present in the liquid hardening agent component in an amount in 
the range of from about 0% to about 40% by weight of the liquid hardening agent component, preferably in an amount 

10 of about 30%. 

[0037] As mentioned above, during the time that the liquid hardenable resin component and the liquid hardening 
agent component are mixed and coated on the proppant particles, the rate of the liquid hardening agent component 
can be varied while the rate of the liquid hardenable resin component is held constant. Stated another way, in addition 
to varying whether or not the proppant particles are coated at all, the volume ratio of the liquid hardening agent com- 

15 ponent to the liquid hardenable resin component on those particles that are coated may be varied as well. Preferably, 
the volume ratio of the liquid hardening agent component to the liquid hardenable resin component may be varied from 
an initial volume ratio to a lower volume ratio and then back to the initial volume ratio. One of ordinary skill in the art, 
with the benefit of this disclosure, will be able to determine the suitable ratio of components to meet the desired goals. 
[0038] Any fracturing fluid suitable for a fracturing application may be utilized in accordance with the present invention, 

20 including aqueous gels, emulsions, and other suitable fracturing fluids. The aqueous gels are generally comprised of 
water and one or more gelling agents. The emulsions can be comprised of two immiscible liquids such as an aqueous 
gelled liquid and a liquefied, normally gaseous fluid, such as nitrogen. 

[0039] The preferred fracturing fluids for use in accordance with this invention are aqueous gels comprised of water, 
a gelling agent for gelling the water and increasing its viscosity, and optionally, a cross-linking agent for cross-linking 
25 the gel and further increasing the viscosity of the fluid. The increased viscosity of the gelled or gelled and cross-linked 
fracturing fluid, inter alia, reduces fluid loss and allows the fracturing fluid to transport significant quantities of suspended 
proppant particles. The water utilized to form the fracturing fluid can be salt water, brine, or any other aqueous liquid 
that does not adversely react with the other components. 

[0040] A variety of gelling agents can be utilized, including hydratable polymers that contain one or more functional 
30 groups such as hydroxyl, cis-hydroxyl, carboxyl, sulfate, sulfonate, amino or amide. Particularly useful are polysac- 
charides and derivatives thereof that contain one or more of the monosaccharide units galactose, mannose, glucoside, 
glucose, xylose, arabinose, fructose, glucuronic acid or pyranosyl sulfate. Examples of natural hydratable polymers 
containing the foregoing functional groups and units that are particularly useful in accordance with the present invention 
include guar gum and derivatives thereof such as hydroxypropyl guar and cellulose derivatives, such as hydroxyethyl 
35 cellulose. Hydratable synthetic polymers and copolymers that contain the above-mentioned functional groups can also 
be utilized. Examples of such synthetic polymers include, but are not limited to, polyacrylate, polymethacrylate, poly- 
acrylamide, polyvinyl alcohol and polyvinylpyrrolidone. The gelling agent used is generally combined with the water in 
the fracturing fluid in an amount in the range of from about 0.01% to about 2% by weight of the water. 
[0041] Examples of cross-linking agents that can be utilized to further increase the viscosity of a gelled fracturing 
40 fluid are alkali metal borates, borax, boric acid, and compounds that are capable of releasing multivalent metal ions in 
aqueous solutions. Examples of the multivalent metal ions are chromium, zirconium, antimony, titanium, iron, zinc or 
aluminum. When used, the cross-linking agent is generally added to the gelled water in an amount in the range of from 
about 0.01% to about 1% by weight of the water. 

[0042] The above-described gelled or gelled and cross-linked fracturing fluids typically also include internal delayed 
45 gel breakers such as those of the enzyme type, the oxidizing type, the acid buffer type, or the temperature-activated 
type. The gel breakers cause the viscous carrier fluids, inter alia, to revert to thin fluids that can be produced back to 
the surface after they have been used to place proppant particles in subterranean fractures. The gel breaker used is 
generally present in the fracturing fluid in an amount in the range of from about 1 % to about 5% by weight of the gelling 
agent therein. The fracturing fluids can also include one or more of a variety of well known additives such as gel 
so stabilizers, fluid loss control additives, clay stabilizers, bacteriacides, and the like. 

[0043] The proppant particles utilized in accordance with the present invention are generally of a size such that 
formation particulate solids, which migrate with produced fluids, are prevented from being produced from the subter- 
ranean zone. Any suitable proppant may be utilized, including graded sand, bauxite, ceramic materials, glass materials, 
walnut hulls, polymer beads and the like. Generally, the proppant particles have a size in the range of from about 2 to 
55 about 400 mesh, U.S. Sieve Series. The preferred proppant is graded sand having a particle size in the range of from 
about 10 to about 70 mesh, U.S. Sieve Series. Preferred sand particle size distribution ranges are one or more of 
10-20 mesh, 20-40 mesh, 40-60 mesh or 50-70 mesh, depending on the particular size and distribution of formation 
solids to be screened out by the consolidated proppant particles. 
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[0044] To further illustrate some embodiments of the present invention, the following examples are given. 
EXAMPLES 
s Example 1 

[0045] A liquid hardenable resin component of this invention was prepared by mixing a bisphenol A-epichlorohydrin 
resin with a butylglycidyl ether solvent. The bisphenol A-epichlorohydrin resin was present in the resulting liquid hard- 
enable resin component in an amount of about 85% by weight of the liquid hardenable resin component, and the solvent 
10 was present in the liquid hardenable resin component in an amount of about 15% by weight of the liquid hardenable 
resin component. 

[0046] A liquid hardening agent component was prepared by combining the following chemicals: a cycloaliphatic 
amine hardening agent in an amount of about 50% by weight of the liquid hardening agent component; a n-beta(ami- 
noethyl)-gamma-aminopropyl trimethoxysilane silane coupling agent in an amount of about 4% by weight of the liquid 
15 hardening agent component; a C 12 - C 22 alkyl phosphonate surfactant in an amount of about 9% by weight of the liquid 
hardening agent component; and a dipropylene glycol methyl ether or dipropylene glycol dimethyl ether liquid carrier 
fluid in an amount of about 37% by weight of the liquid hardening agent component. 

[0047] The liquid hardenable resin and liquid hardening agent component were then stored at room temperature and 
their viscosities were monitored over time. Table 1 shows the change in viscosity over time: 

20 



TABLE 1 



Viscosity (cp) as a Function of Time 


Number of Days 


Viscosity (cp) of liquid 


Viscosity (cp) of liquid hardening 




hardenable resin component 


agent component 


0 


307 


384 


6 


307 


448 


30 


384 


474 


60 


410 


474 


205 


467 


474 



[0048] From Table 1 , it is evident that the viscosity of the components remained within acceptable levels over a long 
period of time. 

35 

Example 2 

[0049] Consolidation strength testing was performed for various proppant types, sizes and carrier fluids. A resin 
mixture comprised of the liquid hardenable resin component and the liquid hardening agent component described in 

40 Example 1 . A mixture of 4.6 ml_ of liquid hardenable resin component and 5.4 mL of liquid hardening agent component 
was prepared by blending these two components together to form a homogeneous mixture. A volume of 7.8 mL of this 
resin mixture was added and coated directly onto 250 grams of 20/40-mesh bauxite proppant. The resin-coated prop- 
pant was then mixed with a cross-linking water-based gel fracturing fluid. The resultant mixture was stirred for one 
hour at 125°F to simulate the effect of pumping and fluid suspension that occurs during a subterranean fracturing 

45 treatment. The mixture was then packed into brass flow cells without applying any closure stress and cured in an oven 
at the temperatures and cure times shown in Tables 2-1 0, below. Consolidated cores were obtained from the proppant 
packs to determine the unconfined compressive strength (UCS) in psi. 



TABLE 2 



UCS (psi) obtained for hardenable resin-treated proppant in a crosslinked 
water-based fracturing fluid and cured for 6 hours 


Proppant 


Cure Temperature 


UCS (psi) 


16/20 bauxite - US ore 


140°F 


153.3 


16/20 bauxite - US ore 


165°F 


196 


16/20 bauxite -US ore 


190°F 


101.8 
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TABLE 2 (continued) 



UCS (psi) obtained for hardenable resin-treated proppant in a crosslinked 
water-based fracturing fluid and cured for 6 hours 


Proppant 


Cure Temperature 


UCS (psi) 


20/40 bauxite - Russian ore 


140°F 


258.1 


16/30 bauxite - Russian ore 


140°F 


143 


16/20 bauxite - Russian ore 


140°F 


206.9 



TABLE 3 



UCS (psi) obtained for hardenable resin-treated proppant in a crosslinked 
water-based fracturing fluid and cured for 16 hours 


Proppant 


Cure Temperature 


UCS (psi) 


16/20 bauxite - US ore 


170°F 


244.7 


20/40 bauxite - US ore 


165°F 


133.5 


20/40 bauxite - Russian ore 


140°F 


289.9 



TABLE 4 



UCS (psi) obtained for hardenable resin-treated proppant in a crosslinked 
water-based fracturing fluid and cured for 24 hours 


Proppant 


Cure Temperature 


UCS (psi) 


16/20 bauxite -US ore 


140°F 


193.3 


1 6/20 bauxite - US ore 


140°F 


267.7 


\ 16/20 bauxite -US ore 


165°F 


270.9 


16/20 bauxite -US ore 


190°F 


197.5 


20/40 bauxite - Russian ore 


140°F 


297.7 


1 6/30 bauxite - Russian ore 


140°F 


244.7 


1 6/20 bauxite - Russian ore 


140°F 


287.4 


16/30 bauxite - Russian ore 


140°F 


401 



TABLE 5 



UCS (psi) obtained for hardenable resin-treated proppant in a crosslinked 
water-based fracturing fluid and cured for 48 hours 


Proppant 


Cure Temperature 


UCS (psi) 


16/20 bauxite -US ore 


140°F 


290.8 


16/20 bauxite -US ore 


140°F 


356.5 


16/20 bauxite -US ore 


165°F 


280.2 


16/20 bauxite -US ore 


190°F 


187.9 


20/40 bauxite - Russian ore 


140°F 


565.9 


i 1 6/30 bauxite - Russian ore 


140°F 


236.1 


1 6/20 bauxite - Russian ore 


140°F 


390.4 


1 6/30 bauxite - Russian ore 


140°F 


477.1 
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TABLE 6 



UCS (psi) as calculated for hardenable resin-treated proppant in a water-based 
fracturing fluid and cured for 24 hours 


Proppant 


Cure Temperature 


UCS (psi) 


1 6/30 bauxite - Russian ore 


140°F 


610.5 


20/40 bauxite - Russian ore 


165°F 


579.8 


16/20 bauxite - Russian ore 


165°F 


452.9 


20/40 bauxite - Russian ore 


165°F 


579.8 


16/20 bauxite - Russian ore 


165°F 


452.9 


16/20 bauxite -US ore 


165°F 


433.3 


16/20 bauxite -US ore 


190°F 


586.5 



TABLE 7 



UCS (psi) as calculated for hardenable resin-treated proppant in a Crosslin ked 
water-based fracturing fluid and cured for 24 hours 


Proppant 


Cure Temperature 


UCS (psi) 


16/20 bauxite - US ore 


190°F 


239.9 


16/20 bauxite -US ore 


190°F 


259.2 


1 6/20 bauxite - US ore 


190°F 


185.4 



30 TABLE 8 



UCS (psi) as calculated for hardenable resin-treated proppant in linear 
hydroxyethyl cellulose polymer fluid and cured for 24 hours 


Proppant 


Cure Temperature 


UCS (psi) 


20/40 Brady sand 


140°F 


570.4 


20/40 ceramic 


140°F 


500.2 


20/40 Brady sand 


165°F 


733.2 


20/40 ceramic 


165°F 


368.5 



[0050] In addition, a sample of 20/40 Brady Sand treated with hardenable resin, suspended in crosslinked water- 
based fracturing fluid and cured at 190°F, was also tested at 6 hours and again at 5 days, and the unconfined com- 
pressive strength was found to be 789.9 psi and 702.2 psi, respectively. 
45 [0051 ] Tables 2 through 8 show that the hardenable resin-treated proppants of the present invention achieve uncon- 
fined compressive strengths. 

Example 3 

50 [0052] Resin-coated proppant as described in the present invention was created at resin concentrations of 0%, 1 % 
and 2% by weight of the proppant using 20/40 bauxite proppant made from US ore. Proppant packs were formed at 
1 50°F and at various closure pressures. The conductivity of the various packs was tested, and the results are displayed 
in Table 9, below. 



55 
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TABLE 9 



Effect of Resin Concentrations on Proppant Pack Conductivity (mD-ft) Obtained at 
various Closure Stresses 




Resin Concentration (% volume / weight) 


Closure Stress (psi) 


0 


1 


2 


2,000 


4382 


5045 


6366 


4,000 


4121 


4903 


5950 


6,000 


3660 


4012 


5216 



[0053] Therefore, the present invention is well adapted to carry out the objects and attain the ends and advantages 
mentioned as well as those that are inherent therein. Numerous changes may be made by those skilled in the art. 



Claims 

20 1. A method of making high-strength permeable packs in a fracture created in a subterranean zone having a tem- 
perature from 60°F to 225°F, which method comprises the steps of 

(a) mixing a liquid hardenable resin component comprising a hardenable resin, with a liquid hardening agent 
component comprising a liquid hardening agent, a silane coupling agent, and a surfactant, on-the-fly to form 

25 a liquid hardenable resin composition; 

(b) coating proppant particles with the liquid hardenable resin composition to form hardenable resin-coated 
proppant particles; 

(c) suspending the hardenable resin-coated proppant particles in the fracturing fluid to form a substantial 
suspension of hardenable resin-coated proppant particles in the fracturing fluid; 

30 (d) pumping the suspension into a subterranean zone to form one or more fractures therein; 

(e) placing suspended hardenable resin-coated proppant particles in the fractures; 

(f) terminating steps (a), (b), (c), (d), and (e); and, 

(g) allowing the hardenable resin on the hardenable resin-coated proppant particles to cure. 

35 2. A method according to claim 1 , wherein the hardenable resin in the liquid hardenable resin component is an organic 
resin comprising bisphenol A-epichlorohydrin resin, polyepoxide resin, novolak resin, polyester resin, phenol-al- 
dehyde resin, urea-aldehyde resin, furan resin, urethane resin, glycidyl ethers, or any mixture of two or more 
thereof. 

40 3. A method according to claim 1 or 2, wherein the hardenable resin in the liquid hardenable resin component further 
comprises a solvent, which solvent preferably comprises butylglycidyl ether, dipropylene glycol methyl ether, dipro- 
pylene glycol dimethyl ether, dimethyl formamide, diethyleneglycol methyl ether, ethyleneglycol buty! ether, dieth- 
yleneglycol butyl ether, propylene carbonate, d'limonene, fatty acid methyl esters, or any mixture of two or more 
thereof 

45 

4. A method according to claim 1 , 2 or 3, wherein the liquid hardening agent in the liquid hardening agent component 
comprises amines, aromatic amines, aliphatic amines, cyclo-aliphatic amines, piperidine, triethylamine, benzyld- 
imethylamine, N,N-dimethylaminopyridine, 2-(N 2 N-dimethylaminomethyl)phenol, tris(dimethylaminomethyl)phe- 
nol, or any mixture of two or more thereof. 

50 

5. A method according to claim 1 , 2, 3 or 4, wherein the silane coupling agent in the liquid hardening agent component 
comprises N-2-(aminoethyl)-3-aminopropyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane, n-beta- (aminoe- 
thyl)-gamma-aminopropyl trimethoxysilane, or any mixture of two or all thereof. 

55 6. A method according to any of claims 1 to 5, wherein the liquid hardening agent further comprises a hydrolyzable 
ester, said hydrolyzable ester preferably comprising dimethylglutarate, dimethyladipate and dimethylsuccinate, 
sorbitol, catechol, dim ethylthio late, methyl salicylate, dimethyl salicylate, dimethylsuccinate, terbutylhydroperox- 
ide, or any mixture of two or more thereof. 
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7. A method according to any of claims 1 to 6, wherein the surfactant in the liquid hardening agent component com- 
prises ethoxylated nonyl phenol phosphate ester, mixtures of one or more cationic surfactants, a C 12 - C 22 alkyl 
phosphonate surfactant, a mixture of one or more non-ionic surfactants and an alkyl phosphonate surfactant, or 
any mixture of two or more thereof 

5 

8. A method according to any of claims 1 to 7, wherein the liquid hardening agent further comprises a liquid carrier 
fluid, said carrier fluid preferably comprising dipropylene glycol methyl ether, dipropylene glycol dimethyl ether, 
dimethyl formamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneglycol butyl ether, propyl- 
ene carbonate, d'limonene, fatty acid methyl esters, or any mixture of two or more thereof 

10 

9. A method according to any of claims 1 to 8, further comprising varying the volume ratio of said liquid hardening 
agent component to said liquid hardenable resin component on-the-fly, preferably from an initial volume ratio to a 
lower volume ratio and then back to the initial volume ratio. 

15 10. A method according to claim 9, wherein the initial volume ratio of the liquid hardening agent component to the 
liquid hardenable resin component is from 1:10 to 1:1 preferably 1 :1 .5 and the lower volume ratio is from 1 :20 to 
1 :5 preferably 1 :5. 

11. A method of on-the-fly mixing of a hardenable resin composition and a proppant, which method comprises the 
20 steps of: 

(a) continuously mixing a premixed liquid hardenable resin component and a premixed liquid hardening agent 
component, at a desired ratio, on-the-fly to form a hardenable resin composition; and 

(b) mixing the hardenable resin composition with the proppant particles on-the-fly to form hardenable resin- 
25 coated proppant particles. 

12. A method according to claim 11 , further comprising the step of 

(c) suspending the hardenable resin-coated proppant particles in a liquid fracturing fluid on-the-fly to form a 
30 suspension of hardenable resin-coated proppant particles in liquid fracturing fluid; 

(d) pumping the suspension as it is created into a subterranean zone having a temperature from 60°F to 225°F 
and, 

(e) allowing the hardenable resin on the hardenable resin-coated proppant particles to harden and consolidate 
into one or more high-strength permeable packs inside a subterranean fracture. 

35 

13. A two-component hardenable resin composition to be activated at the well site, which composition comprises. 

(a) a liquid hardenable resin component comprising a liquid hardenable resin; and 

(b) a liquid hardening agent component comprising a liquid hardening agent, a silane coupling agent, and a 
40 surfactant. 

14. A composition according to claim 13, wherein the liquid hardenable resin comprises an organic resin comprising 
bisphenol A-epichlorohydrin resin, polyepoxide resin, novolak resin, polyester resin, phenol-aldehyde resin, urea- 
aldehyde resin, furan resin, urethane resin, glycidyl ethers, or any mixture of two or more thereof. 

45 

15. A composition according to claim 1 3 or 1 4, wherein the hardenable resin comprises 70% to 1 00% by weight of the 
liquid hardenable resin component. 

1 6. The composition of claim 1 3, 1 4 or 1 5, wherein the liquid hardenable resin component further comprises a solvent, 
so the solvent preferably comprising butylglycidyl ether, dipropylene glycol methyl ether, dipropylene glycol dimethyl 

ether, dimethyl formamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneglycol butyl ether, 
propylene carbonate, d'limonene, fatty acid methyl esters, or any mixture of two or more thereof 

1 7. A composition according to any of claims 1 3 to 1 6, wherein the liquid hardening agent comprises amines, aromatic 
55 amines, aliphatic amines, cyclo-aliphatic amines, piperidine, triethylamine, benzyldimethylamine, N,N-dimethyl- 

aminopyridine, 2-(N 2 N-dimethylaminomethyl)phenol, tris (dimethylaminomethyl)phenol, or any mixture of two or 
more thereof. 
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18. A composition according to any of claims 1 3 to 17, wherein the hardening agent comprises 40% to 60% by weight 
of the liquid hardening agent component. 

19. A composition according to any of claims 13 to 18, wherein the silane coupling agent comprises N-2-(aminoethyl)- 
3-aminopropyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane, n-beta- (aminoethyl)-gamma-aminopropyltri- 
methoxysilane, or mixtures thereof. 

20. A composition according to any of claims 13 to 19, wherein the silane coupling agent comprises from 0.1% to 3% 
by weight of the liquid hardening agent component. 

21 . A composition according to any of claims 1 3 to 20, wherein the liquid hardening agent component further comprises 
a hydrolyzable ester, said hydrolyzable ester preferably comprising dimethylglutarate, dimethyladipate and dimeth- 
ylsuccinate, sorbitol, catechol, dimethylthiolate, methyl salicylate, dimethyl salicylate, dimethylsuccinate, terbutyl- 
hydroperoxide, or mixtures thereof. 

22. A composition according to claim 21 , wherein the hydrolyzable ester comprises from 0.1 % to 3% by weight of the 
liquid hardening agent component. 

23. A composition according to any of claims 13 to 22, wherein the surfactant comprises ethoxylated nonyl phenol 
phosphate ester, mixtures of one or more cationic surfactants, a C 12 - C 22 alkyl phosphonate surfactant, one or 
more non-ionic surfactants and an alkyl phosphonate surfactant, or any mixture of two or more thereof 

24. A composition according to any of claims 1 3 to 23, wherein the surfactant comprises from about 2% to about 1 5% 
by weight of the liquid hardening agent component. 

25. A composition according to any of claims 1 3 to 24, wherein the liquid hardening agent component further comprises 
a liquid carrier fluid, said liquid carrier fluid preferably comprising dipropylene glycol methyl ether, dipropylene 
glycol dimethyl ether, dimethyl formamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneg- 
lycol butyl ether, propylene 

26. A composition according to claim 25, wherein the liquid carrier fluid comprises from 20% to 40% by weight of the 
liquid hardening agent component. 

27. A liquid hardenable resin component comprising butyl lactate, butyl glyceryl ether and bisphenol A epichlorhydrin. 

28. A liquid hardening agent component composition comprised of a cycloaliphatic amine liquid hardening agent, a 
silane coupling agent, and a surfactant. 

29. A composition according to claim 28, wherein the hardening agent comprises from 40% to 60% by weight of the 
liquid hardening agent component composition. 

30. A composition according to claim 28 or 29, wherein the silane coupling agent comprises N-2-(aminoethyl)-3-ami- 
nopropyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane, n-beta- (aminoethyl)-gamma-aminopropyl trimeth- 
oxysilane, or any mixture of two or all three. 

31. A composition according to claim 28, 29 or 30, wherein the silane coupling agent comprises from 0.1% to 3% by 
weight of the liquid hardening agent component 

32. A composition according to claim 28, 29, 30 or 31 , wherein the liquid hardening agent component further comprises 
a hydrolyzable ester, said hydrolyzable ester preferably comprising dimethylglutarate, dimethyladipate and dimeth- 
ylsuccinate, sorbitol, catechol, dimethylthiolate, methyl salicylate, dimethyl salicylate, dimethylsuccinate, terbutyl- 
hydroperoxide, or any mixture of two or more thereof. 

33. A composition according to claim 32, wherein the hydrolyzable ester comprises from 0.1% to 3% by weight of the 
liquid hardening agent component. 

34. A composition according to any of claims 28 to 33, wherein the surfactant comprises ethoxylated nonyl phenol 
phosphate ester, mixtures of one or more cationic surfactants, a C 12 - alkyl phosphonate surfactant, one or 
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more non-ionic surfactants and an alkyl phosphonate surfactant, or any mixture of two or more thereof. 

35. A composition according to any of claims 28 to 34, wherein the surfactant comprises from 2% to 15% by weight 
of the liquid hardening agent component. 

5 

36. A composition according to any of claims 28 to 35, wherein the liquid hardening agent component further comprises 
a liquid carrier fluid, said liquid carrier fluid comprising dipropylene glycol methyl ether, dipropylene glycol dimethyl 
ether, dimethyl formamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneglycol butyl ether, 
propylene carbonate, d'limonene, fatty acid methyl esters, or any mixture of two or more thereof 

10 

37. A composition according to claim 36, wherein the liquid carrier fluid comprises from 20% to 40% by weight of the 
liquid hardening agent component. 
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